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Introduction 
Organophosphorus (OP) pesticides' intoxication is a public human health issue due to their worldwide use for pest control and documented human exposure, causing huge number of poisonings, primarily in developing countries (Alfonso et al., 2017 progressing into respiratory failure (Sarkar et al., 2014) .
Oximes (obidoxime) are considered a standard line of management for acute organophosphorus poisoning; however, its exact role in prevention of IMS is still a matter of debate (Eddleston, 2018) . Some clinicians suggested that IMS may result from inadequate oxime therapy (Thiermann et al., 2010; Abedin et al., 2012) . Others stated that oximes are not necessary and their role in IMS prevention is questioned (Malkarnekar et al., 2014; Eddleston and Chowdhury, 2016) . The present study aims to evaluate the role of obidoxime therapy in the reactivation of cholinesterase (acetylcholinesterase, ACHE and butyrylcholinesterase, BuCHE) enzymes in patients with acute organophosphorus intoxication.
Subjects and Methods
A cohort study was conducted on patients with acute OP toxicity recruited from Mansoura University Emergency Hospital and Damietta General Hospital over a period of three years; from the end of September, 2014 till the end of September, 2017.
Subjects:
One hundred patients whom were clinically diagnosed with OP toxicity, adults of both sexes aged from 18 to 60 years, were included in the study. Exclusion criteria: anemia, chronic debilitating diseases as cancer, liver diseases, diabetes mellitus and neurological disorders, alcohol consumption, pregnancy and patients presented to hospital after 12 hours of the onset of manifestations or previously treated in another hospital to manage toxicity; all were excluded from the study.
Study design: all patients received standardized OP toxicity line of therapy according to WHO (2014) , they were divided into two groups:
Group I: fifty patients recruited from Mansoura University Emergency Hospital, received obidoxime therapy after acute OP intoxication in a bolus dose of 250 mg followed by infusion of 750 mg every 24 hours till clinical stabilization of the patient (WHO, 2014) . Then, they were subdivided into: Group Ia: all patients were investigated immediately after admission before administration of medications. Group Ib: the same group (Ia) but, they were investigated after clinical stabilization "24 hours after stoppage of obidoxime therapy".
Group II: fifty patients recruited from Damietta General Hospital and did not receive obidoxime therapy, they were subdivided into: Group Πa: patients were investigated immediately after admission before administration of medications. Group Πb: the same group (IIa) but, they were investigated after clinical stabilization. All patients participated in the current study signed informed consent forms. The study protocol was approved by the Institutional Review Board of Faculty of Medicine, Mansoura University (code number: 123).
Each patient from group I and group II
was subjected to the following: 
Methods: 2.3.1 Material:
Acetylthiocholine iodide, malathion (98%), palladium chloride, Sbutyrylthiocholine iodide (BTC), sodium carbonate monohydrate (NaH2CO4), sodium dihydrogen phosphate (NaH2PO4), sodium phosphate buffer (P.B.) (NaHPO4), 5, 5'dithiobis (2-nitrobenzoic acid) (DTNB); were purchased from MERK Company. Other chemicals such as N-Hexane, hydrochloric acid, sodium hydrogen phosphate (Na2HPO4), sulphuric acid were purchased from BDH Company, and BuCHE assay kit from BioVision Company.
Methods: a-Sampling:
From each patient, ten ml of blood was taken immediately after admission before administration of any medications. It was divided into two parts: five ml was kept without preservatives for estimation of BuCHE enzyme levels and the other half was heparinized for estimation of ACHE enzyme activities. Another ten ml of blood was taken after clinical stabilization of the patient (24hs after stoppage of obidoxime therapy) for reestimation of cholinesterase's enzyme levels and activities. They were divided similarly to the previous blood sample b-Measurement of acetylcholinesterase enzyme activity and butyrylcholinesterase enzyme levels:
The ACHE enzyme activity was measured according to Ellman's method using acetylthiocholine as substrate at reference value (10.2 µ moles/min/ ml red cells) (Worek et al., 2012) . Meanwhile, butyrylcholinestrase enzyme levels were determined according to the modified Ellman's method using Sbutyrylthiocholine iodide as a substrate at a reference value (3000-9000 IU) (Jońca et al., 2015) ; using the microlab auto-analyzer.
Statistical analysis
Data analysis was performed using the 19 th version of SPSS (Statistical Package for Social Sciences/Inc., Chicago, IL, USA). Qualitative data is presented in form of frequencies (number and percent); while quantitative data is presented in mean ± standard deviation (S.D). The normality of data distribution was tested to decide whether parametric or non-parametric data using Kolmogorov-Smirnov test. The mean values between the two studied groups were compared using the student T-test while ANOVA, Fisher Exact, Mont Carlo Exact Probability tests were used to compare the mean values between the control and the studied groups. The significance level was kept at the level of less than 0.05 (p<0.05).
Results
Both study groups were age and sex matched, the age of the patients ranged from 18 to 59 years in group I and 19 to 59 years in group II. Regarding sociodemographic and clinical data of organophosphorus intoxicated patients, no statistically significant differences between the studied groups (data not shown). Tables (1) & (2) demonstrate the association between clinical severities using POP scale among patients of both groups as regard ACHE enzyme's activities, BuCHE enzyme's levels, atropine requirements, duration of hospital stay, ventilatory support and clinical outcomes in both study groups respectively. Table ( 3) shows comparison of each grade of POP scale between group I and group II for the same parmeters. Group II: patients with acute organophosphorus toxicity and did not receive obidoxime.
Group IIa: refers to the initial level on admission of patients in group II.
Group IIb: refers to the final level after clinical stabilization of patients in group II. Table (4) demonstrates the clinical outcomes among both studied groups. It is shown that a statistically significant improvement was observed regarding the clinical improvement between both studied groups; meanwhile no statistically significant differences were observed regarding the prevention of IMS or death between both groups. Group I: patients with acute organophosphorus toxicity and received obidoxime.
Group II: patients with acute organophosphorus toxicity and did not receive obidoxime.
Estimation of cholinesterase (red cell ACHE and serum BuCHE) enzymes' levels was done for all patients twice (on admission and after clinical stabilization). ANOVA test shows statistically significant differences among the studied groups regarding the cholinesterase enzymes' levels (p=0.000) ( Table 5) . Group II: patients with acute organophosphorus toxicity and did not receive obidoxime. Group a: refers to the initial levels on admission. Group b: refers to the final levels after clinical stabilization.
Discussion
Organophosphorus poisoning is an important clinical health problem in the developing countries due to easy availability and accessibility. Neurological complications following acute OP exposure represent a major health issue, especially IMS which is considered a life threatening condition (Eddleston, 2018) . The present study aimed to determine the effectiveness of obidoxime therapy in reactivation of cholinesterase enzymes among patients with acute OP toxicity from Mansoura and Damietta cities.
In the present study, the wide range of ages can be explained by wide distribution of OP compounds use in Egypt and high incidence of early OP exposure among youth; either occupationally or through para suicide. This is in accordance with the findings of In group I, the initial levels of ACHE enzyme didn't show any significant differences among the three sub-groups, suggesting that initial ACHE enzymes' levels are not specific indicators of the clinical severity. These results are supported by Osman (2011) who stated that, the preliminary ACHE enzymes' levels are generally low in chronically exposed individuals who live adjacent to regularly sprayed agricultural fields. However, the results were inconsistent with the established fact that ACHE enzyme's activity of less than 10% would clinically indicate severe poisoning, while 10-30% activity is associated with moderate poisoning, and ACHE enzyme's activity greater than 30% is associated with mild degree of poisoning (Eddleston et al., 2008) . This can be explained by the role of other non-ACHE enzymes inhibited by OPs and the actual use of mixed formulation of pesticides (Eddleston et al., 2012) . Roberts and Brett (2014) reported that, symptoms are not always present in ACHE enzyme-depressed individuals; and there are differences between all OPCs regarding ACHE enzyme's inhibition. Furthermore, there are baseline variations of ACHE enzyme's activity among individuals, as it may be suppressed in exposed people; although, they have completely normal tissue functions (Watson et al., 2015) .
In contrast, in group II, the initial levels of ACHE enzyme, showed statistically significant differences among the three subgroups (P=0.02). The discrepancy between results of both groups may be due to differences of the anonymous type of OPCs and baseline variability among general populations.
Regarding the final ACHE enzyme levels, there were statistically significant differences among the three sub-groups in both groups. These findings are in agreement with Lionetto et al. (2013) and Watson et al. (2015) who reported significant relationship between ACHE enzyme inhibition following OP exposure and its implication on health, suggesting that ACHE enzyme is a valid biomarker for OP effect rather than exposure.
As regards BuCHE enzyme, statistically significant associations has been demonstrated between the means of initial and final BuCHE enzymes' levels and POP scale in group I, which confirm its role as a sensitive biomarker for assessment of enzyme inhibition and recovery following exposure. This finding confirms the results of Chaudhary et al. (2013) , they stated that BuCHE enzyme's levels usually decline to less than 50% before symptoms are seen, where reduction to 20-50% is usually associated with mild poisoning, reduction to 10-20% associated with moderate poisoning and less than 10% in severe poisoning. Several studies have shown similar findings of the significant correlations between BuCHE enzymes' levels and severity of poisoning (Makwava et al., 2012; Hundekari et al., 2013 and Khan et al., 2016) .
In contrast, in group II, there were no statistically significant associations between the mean BuCHE levels (initial and final) and POP scoring. These findings go in accordance with Hassan and Madboly (2013) who found that, inhibition of BuCHE enzyme does not provide confirmatory indicators to clinical severity of poisoning. As many OP insecticides are known to be more potent inhibitors of BuCHE enzyme, however, they don't show such potency regarding ACHE enzyme's inhibition, the enzyme, which is actually responsible for clinical features of OP toxicity. The discrepancy between results of group I and group II can be explained by non specificity of BuCHE enzyme for OP exposure. Records demonstrated that this enzyme may be suppressed in many other pathological conditions other than OP poisoning, unlike ACHE enzyme which is less to be affected by factors other than OPs (Darwish et al. 2016) . Statistically significant differences were found between group I and group II regarding the initial levels of ACHE and BuCHE enzymes. These differences can be explained by disturbances that may occur during sample transportation from Damietta to Mansoura laboratory. Furthermore, the difference in geographic distribution of the patients, personal variations regarding cholinesterase enzymes' levels, concomitant conditions that may affect the enzymes' levels and non-cholinesterase OP effects (Worek and Thiermann, 2013) .
The POP scale was compared between the two studied groups. As regard ACHE enzyme activity and BuCHE levels, no statistically significant differences were found except, the mean values of initial ACHE enzymes' levels in mild and severe sub-groups that mainly reflect personal variations and the difference between types of ingested OPCs; and those among severe cases between both groups regarding the final levels of BuCHE enzyme. The present work shows reactivation of cholinesterase activity after obidoxime therapy, however, no statistically significant differences between both groups regarding the final levels of ACHE and BuCHE enzymes, was observed, which suggests that no addeffect of obidoxime therapy among patients in group I regarding reactivation of ACHE and BuCHE enzymes.
The results of present study are not consistent with other studies in which oxime therapy caused significant reactivation in cholinesterase enzyme's activity. Thiermann et al. (2010) studied the effect of obidoxime therapy among patients poisoned with parathion; they found prompt response with noticeable increase ACHE enzyme's activity levels.
In both studied groups, there were statistically significant associations between POP scale and the atropine requirement, the need for ventilatory support, duration of hospital stay and clinical outcomes. Similar findings were declared in a previous study by Makwava et al. (2012) which revealed a strong association between the severity of the POP scale and the mean requirements of atropine, total duration of hospital stay, need for ventilatory support and mortalities.
Interestingly, when both groups are compared as regard clinical outcomes, there were statistically significant differences between group I and group II. These results are in accordance with Tang et al. (2013) and Husain (2014) who reported that, combination of atropine and obidoxime is more effective than either drug alone in improving the outcome and reducing both morbidities and mortalities following OP poisoning.
As regard IMS, results of the current study showed that, obidoxime therapy was statistically ineffective regarding prevention of IMS development among OP intoxicated patients. these results are in agreement with Khosya et al. (2013) and Malkarnekar et al. (2014) who reported that administration of obidoxime at recommended doses by WHO and within short period of ingestion of OP insecticides did not prevent the onset of IMS. , Thiermann et al. (2010) and Abedin et al. (2012) who studied the effect of the clinically used oximes (obidoxime and pralidoxime) in prevention of IMS, strongly supported the administration of appropriately dosed obidoxime, in OP poisoned patients. The discrepancy between these studies can be explained by difference in type and dose of oxime therapy, routes of exposure, chemical structure of the OPCs, mixed OP preparations, time of therapy and possibly efforts to decrease absorption or enhance elimination of OPs.
However
In the present work, clinical and laboratory effects of obidoxime in treatment of OP poisoning, were assessed. The results were contradictory, although no statistically significant differences were found regarding cholinesterase enzymes' reactivation, there were statistically significant differences among both groups regarding the clinical outcome. These findings can be explained by: first, it is difficult to know, how closely ACHE enzyme's inhibition in erythrocytes reflects cholinergic ACHE enzyme in the nervous system since access to blood is easier than access to brain. Thus, the inhibition of ACHE enzyme in erythrocytes may be overestimated relative to that in brain. In addition, ACHE enzyme in brain is restored by de-novo synthesis more rapidly than in erythrocytes where ACHE enzyme's activity is recovered via erythropoiesis (Jokanović, 2012) .
Second, these results may be correlated to the non-reactivating effects of obidoxime. They may exert effects by interactions with the synthesis, release and reuptake of of ACh. Additionally, obidoxime has an antagonistic effect on both muscarinic and nicotinic receptors; it preferentially inhibits muscarinic M2 receptors (Soukup et al., 2013) . Since overstimulation of nicotinic receptors is considered to be the cause of death in the OP poisoning, clear anti-nicotinic action of obidoxime is of advantage in this matter (Killi et al., 2014) .
Conclusion
It is concluded that measurement of BuCHE enzymes' levels can be considered a sensitive biomarker for OP exposure and severity, meanwhile, measurement of ACHE activity can be a helpful measure for recovery. 
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